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[57] ABSTRACT

An electrical control circuit is disclosed for controlling
the operation of a pilotless gas system including an
igniter and a gas supply valve, wherein the gas supply
valve 1s initially opened a predetermined time after the
igniter is activated, and the igniter is subsequently deac-

- tivated a predetermined time afier the gas supply valve
1s opened. Specifically, a control first signal is produced

- to activate the appliance, which control first signal is
- delivered to a first logic circuit for activating the ig-

niter, and to a first delay circuit which produces a sec-

‘ond signal delayed from the first signal by a first prede-
- termined time period. The second signal is delivered to

a gas supply valve control circuit to open the supply
valve, whereupon a detector produces a third signal in
response to opening of the valve. A second delay circuit

‘produces a fourth signal delayed from the third signal

by a second predetermined time period, the fourth sig-

-nal being applied to the first logic circuit for deactivat-
'ing the igniter a predetermined tune period after the -
~opening of the gas supply valve

8 Claims, 2 Drawing Figures
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1
GAS APPLIANCE CONTROL DEVICE

BACKGROUND OF THE INVENTION

The present invention relates to an electrical control
‘circuit for controlling the operation of a ptlotless gas
system. The invention finds particular utility in use with
a regulated sealed combustion heating system, but can
also be used 1n a wide variety of gas systems and applt-
ances which require safety controls.

It is important for reasons of safety that gas appli-
" ances be equipped with a flame detection and control

3
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mined time period following opening of the gas supply
valve.

According to a more specific abject of the invention,
the control first signal producing circuit includes a plu-
rality of voltage sources and a second logic circuit oper-
able in response to power from at least one of the volt-

~age sources.

10 ;

It 1s a further object of the present invention to pro-
vide a control circuit wherein the second logic circuit
includes an OR gate having a pair of inputs and an

~ output. One of the voltage sources includes a thermo-

~ circuit which will assure shut off of gas when no flame

is present. The control must also allow for a perlod of
ignition when the gas is on even though there is no
flame. When the gas has not been ignited, the system

must operate to quickly close the gas valve.

- There are a number of types of gas appliances, 1nclud— |
~ ing heating and air conditioning systems, stoves, dryers,

- etc., for which such-a flame detection and proof device
18 requlred For many years, gas appliances have oper-

15
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 ated with a pilot light system which ignites the main gas

- jet when the apphance 1s turned on. However, in recent

years it has been recognized that such systems are not
- fuel or energy efficient. Consequently, other systems

have been mtredueed to replace the plIOt llght type of

| system

BRIEF DESCRIPTION OF THE PRIOR ART

: Co-pendmg.patent applteatlon Ser. No. 029,572, filed
on Apr. 12, 1979 by the same applicants as the present

- - invention, dlscloses a flame detection and proof control

device which prowdes safe control of gas systems and
apphanees and which may be used in conjunction with
the gas appliance eontrol,dewee disclosed herein. Vari-
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statically controlled optoisolator circuit connected with -

one input of the OR gate, and another of the voltage
sources comprises a logic power voltage source and a
low-limit switch connecting the logic power voitage

source with the other input of the OR gate. The control

first signal thus appears at the output of the OR gate.
According to a further object of the invention, the
gas supply valve control circuit includes a high-limit
switch and a flame monitor connected in series with the
high limit switch. The opening of one of the high-limit

~switch and flame monitor automatically closes the gas
supply valve to shut off the gas supply.

The accompanying drawings, which are meerpo-
rated in and constitute a part of the specification, illus-
trate embodiments of the invention and, together with
the desenptlon, serve to explain the principles of the

;mventlon

‘BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the invention will

become apparent from a study of the following sPecuﬁ-

~ cation when viewed in the llght of the accompanying
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' ~ous other types of control systems for gas burning appa-

ratus are well known in the art, as evidenced by the U.S.

Kaduki et al, 4,073,611, to Dahlgren, 4,082,493, and to
Cade 4, 133 ,419. While the prior devices normally oper-

‘ate 'quite satisfactorily and are more energy efficient

than pilot light type systems, they do possess the inher-

- Pat. Nos. to Cade, 3,840,322, to Matthews, 3,918,881, to

drawmgs, in which:
'FIG. 1 is a block diagram of the control circuit; and
FIG. 2 is a schematic diagram of the control circuit.

DESCRIPTION OF PREFERRED EMBODIMENT

Referring first more particularly to the preferred

 embodiment of FIG. 1, an electrical control circuit for

“ent drawback of not being suitable for operating w1th a

| regulated sealed cembustton system.

SUMMARY OF THE INVENTION |

- Aeeordmgly, it is a primary object of the present
~ mvention to provide an electrical control circuit for
- controlling the operation of a pilotless gas system in-

| __'cludtng an 1gn1ter and a gas supply valve. The control

435

controlllng the operating of a pilotless gas system is

- connected with supply lines L1, L2 having a given

supply voltage (for example, 110 volts AC). Trans-
former T1, having a primary winding 4 connected -

‘across the supply lines, supplies low-voltage power via

secondary winding 6 to the regulated DC power supply

means 8 (for example, a regulated recttﬁer circuit, as

- will be described below).

50
“mary winding 9 connected across the supply lines L1,
L2, which transformer includes a low voltage (i.e., 24

“circuit includes means for producmg an appliance-
‘activating control first signal which is. apphed to a first

~ produces a second signal delayed from the first signal
by a first predetermined delay time period, the second

-signal being applied to a gas supply valve control circuit
for opening the gas supply valve after the first delay
~ time period. A detector produces a third signal when
the gas supply valve is in the open position, and a sec-
~ ond delay circuit produees a fourth signal delayed from
- the third signal by a second predetermined delay time

‘period. The fourth signal is applied to the first logic

o logic circuit to activate the igniter, A first delay circuit

55

Step-down transformer T2 is provided havmg a pn-

volts AC) secondary winding 10 connected in series

with room thermostat 11 and opto-isolator circuit 12.

‘The opto-isolator circuit is of conventional design and

- comprises an infrared light-emitting diode that illumi-

nates a photosensitive transistor. The opto-isolator pro-

vides the required. isolation between L1 and the low
voltage control circuitry that would otherwise be pro-
~vided by a relay or a transformer. The opto-isolator is

~ advantageous in that it requires virtually no power from

circuit to deactivate the igniter a predetermmed delay

~ time perled after opening of the gas supply valve. The

65

~ igniter is therefore activated for the first predetermined

~ time period prior to opening of the gas supply valve, -

~and the igniter is deactivated after the second predeter-

‘the low voltage control transfer_mer T2, it has no mov-
- Ing parts, an indefinite life, and it has an input-to-output
_breakdown rating of apprommately twwe that required

in the industry. | |
In accordance with the invention, means for produc- |

ing an. appllanee-actlvatmg eontrol ﬁrst 51gnal 1S pro— -

v1ded
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Opto-isolator circuit 12 has an output terminal con-
nected with one of the inputs of an OR logic gate 14.
The DC power supply 8 is connected with the other
input of the OR gate 14 via a low-limit switch 16. Pref-

erably the control first signal appears at the output of 5

the OR gate when one of the inputs to the OR gate is
‘activated. Thus the appliance is activated -either

through closing of the thermostat 10 via the opto-isola-
tor circuit 12, or through closing of the low-limit switch
16.

In accordance with the invention, first logic means

responsive to the control first signal for activating the
igniter, and first delay circuit means responsive to the
first signal for producing a second signal delayed from
the first signal a first predetermined delay time period
are provided. It is preferred that the first signal appear-
ing at the output of OR gate 14 is supplied to three
different circuits—namely, to a pump circuit including
single-pole, single-throw switch 18 and furnace pump
motor 20; to first logic means for activating the igniter,
here including AND gate 22, switch 24, and igniter 26
(which here comprises a conventional resistance ig-
niter); and to a first delay circuit 28 which produces a
second signal delayed from the first signal by a first
- predetermined time delay period (for example, 60 sec-
onds).
- The second signal appearing at the output of first
delay circuit 28 activates a gas supply valve control
circuit including switch 30, high-limit switch 32, flame
monitor 34, and gas supply valve 36. The gas supply
valve 36 opens after the first predetermined delay time
period to supply gas to igniter 26, whereby gas 1s nor-
mally ignited by the igniter. |

In accordance with the invention, detector means 38
is provided for producing a third signal when the gas
supply valve is in the open position. As here embodied
the detector means is comprised of detector 38. The
detector third signal 1s supplied to a blower circuit
including a switch 40 and the blower 42, in response to
opening of the gas supply valve 36. In accordance with
the mvention, second delay circuit means is provided
comprised of circuit 44. The detector third signal also 1s
supplied to second delay circuit 44 which produces a
fourth signal delayed from the third signal by a second
predetermined delay time period (i.e., 5 seconds) fol-
lowing opening of gas supply valve 36. Second delay
circuit 44 is connected with AND gate 22 via inverter
46, whereby the fourth signal deactivates igniter 26 a
predetermined time period after opening of the gas
supply valve. |
~ The system further includes a circulator control logic
circuit including AND gate 48, switch 50, and circula-
tor motor 52. The output terminal of opto-isolator cir-
cuit 12 1s connected with one input of AND gate 48 and

10
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low-limit switch 16 is connected with the other input of 55

AND gate 46 via inverter 54.

The control first signal is produced at the output of

OR gate 14 in response to either closing of system ther-
mostat 10, or closing of system low-limit switch 16. The
control first signal simultaneously activates pump 20,
first delay circuit 28, and igniter 26. Igniter 26 warms up

for a first predetermined time period prior to opening of

gas supply valve 36, and upon opening of the gas supply
valve, the igniter remains activated for a second prede-

60

termined time period which allows for combustion of 65

the gas in response to the igniter. After the second pre-
determined period of time, the igniter 1s deactivated and
,he appliance continues to operate. If for some reason

4

combustion of the gas does not occur prior to deactiva-
tion of the igniter, then after the igniter is deactivated,
flame monitor 34 senses that there 1s no flame in the
system and opens the gas supply valve circuit, which

automatically closes the gas supply valve to shut off the
gas supply. Similarly, if the temperature of the system
exceeds a predetermined high limit, high-limit switch 32

opens, and the gas supply valve automatically closes.
Thus the control circuit affords improved energy effi-
ciency and safety in a pilotless gas system.

The control circuit of FIG. 1 which embodies the
present invention is shown in greater detail in the sche-
matic diagram of FIG. 2. The DC power supply for the
electrical control circuit includes the transformer T1,
diodes D2, D3, D16, and D17 connected in rectifying
arrangement in the secondary winding circuit of T1,
capacitor C3 connected across secondary coil 6 of T1,
and integrated circuit voltage regulator §6 connected in
parallel with the capacitor C3. The voltage regulator
regulates the logic circuit power supply voltage to pre-
cisely 8.5 volts. The voltage regulator is a self-protect-
ing device which will shut off automatically in the
event of any component failure or excessive heat, to
shut off the appliance. The negative terminal of the
power supply is labeled —8.5 volts. This is relative only
to the logic circuitry, all of which is referenced to L1.
The — 8.5 volt line is always negative relative to L1 and
1s in no way directly referenced to L2 or ground.

As here embodied, opto-isolator circuit 12 connected
with thermostat 10 includes infrared light-emitting
diode 58 and phototransistor 60. When the thermostat
10 closes, the presence of resistor R1 causes a current to
flow through LED 58 during one half-cycle of the
applied voltage. The LLED actuates photo-transistor 60
to conduct 60 times per second, thereby keeping the
capacitor C1 discharged and transistors Q3 and Q4
cutoff, and thus allowing transistor Q7 to conduct.
When Q7 conducts, switch 50 is actuated to turn on the
circulator 52, and switch 18 is actuated through diode
D7 to turn on pump 20. If, however, low-limit switch 16
is closed, then transistor Q7 is prevented from conduct-
ing by diode D4. Similarly, with low-limit switch 16
closed, switch 18 will be powered through the diode
D14, and the circulator 52 will be prevented from oper-
ating by diode DA4.

Gas supply valve open detector 38 comprises a semi-
conductor rectifier SCR-1. Prior to any command for
heat, the rectifier SCR-1 detects zero voltage to the gas
valve, signaling that the valve is closed. With zero volt-
age at the valve, transistor Q14 is cutoff and the resistor
R24 maintains the transistor Q10 cutoff through the
diode D10. When transistor Q10 is cutoff, transistor
Q11 1s cutoff, allowing transistors Q12 and Q13 to con-
duct whenever diode D7 or diode D14 conducts,
thereby drawing current from switch 24 to activate
igniter 26. | ,

The command for heat also reverse biases the diode

D8 and allows the capacitor C2 to charge through resis-
tors R6 and R7. After the first predetermined delay time

period sufficient for igniter 26 to heat, the transistor Q2
conducts, thereby cutting off transistors Q1 and QS and
allowing transistors Q6 and Q8 to conduct. Thus,
switch 30 is turned on to supply power to the gas supply
valve through high-limit switch 32 and flame monitor
34. In a further embodiment, a flame detector 62 is also
provided in the gas supply valve control circuit.
When the gas valve open detector semiconductor
rectifier SCR-1 detects the voltage at the open gas sup-
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ply valve 36 tran31stcr 'Q14 turns on the blower 42
"thrcugh switch 40 and reverse biases the diode D10.
The capacitor C5 then charges through the resistor R17
until the transistor Q10 conducts, which in turn causes
- transistor Q11 to conduct. As a result, transistors Q12
- and Q13 are cutoff to deactivate the igniter 26 after the
second predetermined delay time period.

Any 1nterru13t10n of voltage to the gas supply valve

- while heat is being commanded will cause an immediate

repowering of the igniter, and power will not be re-
moved from the igniter until the completmn of the
second delay ttme perlod after the gas supply valve 18
opened. -
- The electical control circuit uses no relays and com-
- prises all solid state electronics. The circuit is preferably
~arranged on a. smgle plug-in circuit board which is re-
.mcvab]y connected with the gas ‘appliance system.

- Thus, in the event of circuit failure, the damaged con-

trol circuit may be replaced with a substitute. control
- circuit and the damaged clrcult may be taken to the
- shop or factory for repair.

While in accordance with the provisions of the Patent
Statutes the preferred forms and embodiments of the

- ~ invention have been illustrated and described, it will be

- apparent to those skilled in the art that various changes
" and modifications may be made without deviating from
‘the inventive ccncepts set forth above.
- What is claimed is:

1. A control circuit for contrcllmg the Operatwn of a
pilotless gas system mcludmg 1gmter means and a gas
supply valve, comprising:

- means for producing an apphance-actwatlng control

first signal;

first loglc means reSponswe tc a1d first mgnal for

- activating said igniter means;
first delay circuit means for producmg a secc-nd 51g—
nal delayed from said first si gnal bya ﬁrst predeter-
- mined delay time period;

~ gas supply valve control circuit means responswe to
- said second delayed signal for opening the gas
supply valve after the first predetermined delay
time period for exposing said igniter means to said

- gas;

‘detector means for producing a third signal when the
45

gas supply valve 1s in the open position; and

second delay circuit means for producing a fourth
- signal in response to said third signal after a second
predetermined delay time period, said fourth signal

being applied to said first logic means to deactivate
the igniter means said second predetermined time
period after opening of the gas supply valve,
whereby the tgnlter means is activated for the first

predetermined time period prior to Openlng of the

- gas supply valve, and the igniter means is deacti-
- vated after the second predetermined time period
following cpemng of the gas supply valve.

2. A control circuit as- defined in claim 1, wherein said

“appliance- actwatmg control first mgnal producmg
‘means includes:

a plurality of Voltage sources; and |
second: logic means Operable in response to power

from at least one of said sources for producmg said

“control first si gnal

3. A control circuit as defined in claim 1, wherein said )
65

' ‘gas supply valve control circuit means mcludes
high-limit switch means; and

 flame momtcr means connected with sald htgh limit
_switch - means for automatically closing the gas
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6

supply valve when one of said high-limit switch
means and said flame monitor means opens.
4. A control circuit as defined in claim 3, wherein the
gas system includes a blower, and said control circuit

“includes means connected with said detector means for
‘operating the blower in response to said third signal.

. A control circuit for controlling the operation of a

: pilotless gas system including an igniter means and a gas
supply valve, said control circuit comprising:
10

means for producing an appliance-activating control
first signal, including
a plurality of voltage sources and
~second logic means operable in response to power
from at least one of said plurality of voltage sources
for producing said control first signal, said second
logic means including an OR gate having a pair of
~1nputs and an output, and wherein one of said plu-
- rality voltage sources includes a thermostatically
controlled opto-isolator circuit means connected
with one input of said OR gate, and another of said
plurality of voltage sources includes a logic power
voltage source, and a low-limit switch connecting
said logic power voltage source with the other
input of said OR gate, said OR gate prcwdmg said
control first signal at its output;

~ first logic means responsive to said control first 31gnal

for activating said igniter means;
first delay circuit means for prcducmg a second sig-
- nal delayed from said control first signal by a first

predetermined delay time period;

- gas supply valve control circuit means responsive to
said second delayed signal for opening said gas
supply valve after said first predetermined delay
time period for exposing said igniter means to gas;

detector means for producing a third signal when said
gas supply valve is in the open position; and

second delay circuit means for producing a fourth
signal in response to said third signal after said
second predetermined delay time period, said
fourth signal being applied to said first logic means
to deactivate said igniter means said second prede-

~ termined time period after said detector means
detects the opening of said gas supply valve,
whereby said igniter means is activated for said
first predetermined time period prior to said gas
supply valve opening and said igniter means being
deactivated after said second predetermined time
period following said gas supply valve opening.

6. A control circuit as defined in claim 5, wherein the

gas system also includes a pump, and said control circuit |

includes means connected with the output of said OR

33

60

- gate for operating the pump in response to said control
first signal. |
7. A control circuit as defined in claim 6, wherein the
gas system also includes a clrcrulator, and said second
logic means includes:
a first AND gate for prcducm g a fifth 31gna1 said first
- AND gate having a pair of tnputs and an output,
said thermostatically controlled opto-isolator cir-
- cuit means being connected with one input of said
AND gate; | | |
inverter means for connecting said low-llmlt switch
with the other input of said first AND gate; and
- means connected with the output of said first AND
gate for operating the c1rculatcr in response to said
fifth signal. |
8. A control circuit for controlhng the operation of a

.'pllctless gas' system including an igniter means, a gas
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supply valve, and a blower, said control circuit com-
prising:

means for producing an appliance-activating control
first signal;

first logic means responsive to said control first signal

for activating said igniter means, said first logic
means including

an AND gate for producing a fifth signal, said AND
gate having a pair of inputs and an output, one of
said inputs being connected to said control first
signal and

means connected with the output of saird AND gate
for activating said igniter means in response to said
fifth signal; |

first delay circuit means for producing a second sig-
nal delayed from said control first signal by a first
predetermined delay time period;

gas supply valve control circuit means responsive to
said second delayed signal for opening said gas
supply valve after said first predetermined delay
time period for exposing said igniter means to gas,
said gas supply valve circuit means including

high-limit switch means and
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8

flame monitor means connected with said high-limit
switch means for automatically closing said gas
supply valve when said high-limit switch means
and said flame monitor means open;

detector means for producing a third signal when said

gas supply valve is in the open position;
second delay circuit means for producing a fourth

signal in response to said third signal after said
second predetermined delay time period, said
fourth signal being applied to said first logic means
to deactivate said igniter means said second prede-
termined time period after said detector means
detects said gas supply valve opening, whereby
said igniter means is activated for said first prede-
termined time period prior to said gas supply valve
opening and said igniter means is deactivated after
said second predetermined time period following
said gas supply valve opening;

inverter means for connecting said second delay cir-
cuit means with the other input of saJd AND gate
in said first logic means; and

means connected with said detector means for operat-

ing said blower in response to said third signal.
% ok k% %



	Front Page
	Drawings
	Specification
	Claims

